Abstract In the fish food sector, due to a growing globalization of the market, where intentional and unintentional frauds reach alarming levels, the molecular analysis is increasingly used by both official agencies, to enforce the law on traceability, and private companies, to verify the quality of goods. DNA extraction represents a necessary and critical step for all types of DNA analysis. Among the drawbacks associated with this procedure, there are handling of toxic materials, low DNA yield, and low throughput, due to time-consuming manual procedures. In this work, to overcome some of these problems, we developed an alternative method based on a bead-milling procedure without proteinase K digestion. The new method was then compared with both a salting-out protocol, developed in a previous work, and a commercial kit. Yield, spectrophotometric purity, electrophoretic degradation pattern, and amplificability of the extracted DNA were assessed. In particular, DNA amplificability was evaluated by comparing the band intensity on the gel, after amplification of the 16S rRNA and cytochrome oxidase I genes with a conventional PCR, and the take-off cycles, after amplification of the 16S rRNA gene with a real-time PCR. The results showed that the bead-based method allowed to obtain acceptable amounts of DNA, with good purity and good characteristics of amplificability. Although the salting-out method remains the most effective protocol in terms of pure performances, the bead-milling procedure can be considered a valid alternative, in the light of its lower demand in terms of labor and costs.
Introduction
The several cases of fraudulent substitution often reported by media have made the unique identification of food a key factor. Consequently, especially in the fishery sector, the DNA-based analytical methods have become increasingly important and are nowadays applied for routine controls, also at the official level. They represent a valid support not only to improve the compliance and traceability of goods, encouraging the enforcement of the law, but also to raise the protection level of consumers against fish allergies and of endangered animal species (Armani et al. 2012a) .
In order to meet the demand for reliable and sustainable food traceability systems, any DNA-based analytical approach should be both effective and low cost (Galimberti et al. 2013) . Effectiveness is mainly based on the possibility to rely on a successful PCR amplification, which greatly depends on the achievement of a sufficient amount of highquality DNA. In fact, it is fundamental that every extraction method be able to maximize the removal of contaminants that may inhibit PCR. For this reason, DNA extraction is considered the most critical step in the processing of samples for PCR-based analysis. Especially in the fishery sector, which deals with thousands of different species, the choice of the most appropriate technique should be accurately assessed.
The fundamental step of the DNA extraction method is the tissue disruption and the cell lysis. Many chemical and physical disruption methods, followed by enzymatic digestion using proteinase K, have been proposed for tissue lysis. Among those available, the rapid shaking of the samples in the presence of glass or steel beads has been shown to be effective for different kinds of matrices of microbial, plant, and animal origin (Dilworth and Frey 2000; Robe et al. 2003; Allender et al. 2004) .
Due to the fact that bead-based tissue disruption could significantly reduce times and costs and, that, to our knowledge, targeted studies on fish tissues have never been performed, in this work, we developed a simple and costeffective DNA extraction method, based on bead milling, without proteolytic enzyme, followed by a salting-out procedure. A study was then performed to point out strengths and weaknesses of this method by comparing it with a classical enzymatic digestion coupled with a salting-out procedure and with a commercial DNA extraction kit, both from fresh and ethanol-preserved tissues, using 38 different species. The yield, the quality, and the degradation pattern of the extracted DNA were assessed, and their effects on subsequent downstream sample analysis were evaluated by performing conventional and real-time PCR.
Considering the high number of fish products marketed worldwide and the increased number of frauds reported, the development of a rapid and safe method for DNA extraction, with minimized costs and good effectiveness, would be required to better support the growing need for molecular analysis.
Materials and Methods
Species Choice, Tissue Collection, Sampling, and Storage
Considering that the natural heterogeneity of the tissue composition can affect the efficiency of mechanical disruption, we decided to test the effectiveness of the new DNA extraction procedure by selecting the species on the basis of the fat content, according to the categorization proposed by Ackmann (1989) . In fact, fats could contribute to the DNA precipitation and inhibit PCR (Wilson 1997; Besbes et al. 2011) .
Muscle samples were collected from 38 different fish species (Table 1) , according to the weight of the specimens. In the case of fish with weight greater than 150 g, the tissue was excised from the dorsolateral muscles of three different specimens and then grossly chopped with scissors. In the case of small fish, where a single sampling would not suffice, three mixtures of at least five samples were prepared after skin and bone removal. From each of the three different specimens or mixtures, 18 samples (one duplicate for each of the extraction method tested, see "Comparison of Different Extraction Procedures") were produced and extracted.
Considering that collection of tissues belonging to reference specimens, which are often stored in ethanol, since provided by museums or research institutes, represents a prerequisite to develop a DNA barcoding for the identification of unknown fish samples (Armani et al. 2013; Galimberti et al. 2013), we also tested our methods on samples maintained in ethanol at 4°C for at least 30 days.
Development of a Bead-Milling Nonenzymatic Method for Total DNA Extraction

Protocol Optimization
To assess their destructive force on fish muscle tissues, 0.1-and 0.5-mm glass beads (SI-BG01, SI-BG05 disruptor beads Scientific Industries, Inc., Bohemia, NY, USA) and 2.5-mm stainless steel beads (Precellys 24-Bulk bead, Bertin Technologies, Villeurbanne, France) were used. The trials were performed using fresh muscle tissue from ten species (Table 1) . For the setting up of the bead-milling method, a solution composed of 200 μl of lysis buffer (500 mM TrisHCl, 100 mM EDTA, 100 mM NaCl, 2 % (w/v) SDS, pH 8.0) was added to 200 mg of tissue. The glass beads were used in 3:2, 1:1, 1:2, and 1:6 (w/w) ratios with respect to the tissue, according to the manufacturer's suggestions, whereas the steel beads were added in a number of 3, 5, 10, or 20 per 200 mg of tissue. The samples were grinded at room temperature (RT) on the Cell disruptor (Disruptor Genie®, Scientific Industries, Inc., Bohemia, NY, USA) at a 1,200-rpm shaking speed, and the extraction was performed according to the method reported in "Enzymatic Digestion and SO Extraction Protocol." The type and the amount of beads were chosen on the basis of the DNA yield.
Finally, two times of mechanical disruption (30 and 60 min) were tried at both room temperature and 60°C on a thermo-mixer (EuroClone T-shaker, EuroClone S.p.A., Pero, MI, Italy) at 1200 rpm shaking speed. Time and temperature of disruption were chosen by evaluating A260/A280 ratio, A260/A230 ratio, and yield as parameters for selection.
Final Protocols (B30, B60)
For each sample, 200 mg of muscle tissue, 10 steal beads, and 200 μl of lysis buffer were put in a 2-ml round bottom tube. The tube was then placed on a T-shaker preheated at 60°C for 30 and 60 min at 1,500 rpm. At the end of the milling step, the samples were centrifuged at 15,000×g for 2 min to separate the clear supernatant from the tissues/beads mixture and collected in a clean 1.5-ml tube. The extraction was then completed according to the protocol reported in "Enzymatic Digestion and SO Extraction Protocol," with the exception of those samples that, after the first sodium acetate precipitation, presented a "cloud no-transparent supernatant phase." In this case, a step of reprecipitation with 0.5 volumes of sodium acetate, followed by a double washing with 70 % ethanol, was added. The optimized protocol was then evaluated on samples of decreasing weights (200, 100, 50, 25, 10 mg) . It was performed on 36 specimens, of which three individuals for each species and three species for each of the four fat categories (Table 1 , species in bold) were processed according to the methods salting out (SO), B30, and B60. The number of beads was proportionally reduced.
Stainless Bead Decontamination and Sterilization Procedure
After use, the beads were washed carefully under tap water in a Petri plate until cleaned from all tissue debris, then soaked for 1 h in a 5 % sodium hypochlorite solution. After the removal of the hypochlorite solution, the beads were washed with ultrapure water and ethanol 70 %, air-dried, and then submitted to a cycle in autoclave at 120°C for 30 min. The effectiveness of the decontamination procedure was verified by performing a PCR for the amplification of a fragment of the m i t o c h o n d r i a l 1 6 S r i b o s o m a l R N A ( 1 6 s r R N A) ("Conventional PCR" in the "Materials and Methods" section), in which the autoclaved beads were directly placed into the reaction tubes.
Comparison of Different Extraction Procedures
The DNA extraction method developed in this study was compared with other two different methods: a salting-out procedure (Armani et al. 2011 ) and a commercial kit, using all the samples (Table 1 ) before and after the ethanol storage. The ethanol-preserved samples were preliminary rehydrated with a 30-min washing in a 50-mM Tris solution, pH 7.8, before extraction. All the muscle tissues were extracted in duplicate. Considering the low DNA yield obtained with the kit from fresh samples (see "Conventional PCR" in the "Results and Discussion" section), this procedure was not tested in the case of ethanol-preserved samples.
Extraction with the Commercial Kit
Forty milligrams of tissues was extracted with the EuroGold Tissue DNA Mini Kit (EuroClone S.p.A.), following the manufacturer's instructions, with the exception of the final elution, which was obtained with 50 μl of deionized sterile water instead of 100-200 μl as suggested by the manufacturer.
Enzymatic Digestion and SO Extraction Protocol
Total DNA extraction was performed starting from 200 mg of tissue, following the protocol of Armani et al. (2011) , modified by Armani et al. (2012b) . Briefly, after adding 200 μl of lysis buffer and 200 μl of 200 mM Na 2 HPO 4 , pH 8.0, the The fat content values of the species were retrieved from Prato and Biandolino (2012), Özogul and Özogul (2007) , and FAO values (http://www.fao.org/ wairdocs/tan/x5916e/x5916e01.htm). The species used for the optimization of the bead extraction method and the real-time PCR are presented in bold tissue was mechanically homogenized with scissors and incubated for 1-h digestion with 20 μl of proteinase K, continuously stirring at 1,200×g on a thermo mixer (EuroClone Tshaker, EuroClone S.p.A., Pero, MI, Italy), at 60°C. The samples were then centrifuged at 15,000×g for 2 min, and the upper aqueous phase was collected in a new sterile microcentrifuge tube. The proteins were precipitated adding 0.5 volumes of 4 M sodium acetate, pH 8.3. Then, the mixture was incubated at RT for 5 min and then centrifuged at 15,000×g for 5 min. The DNA was precipitated with 0.6 volumes of isopropanol molecular biology grade (SERVA Electrophoresis GmbH, Heidelberg, Germany), washed once in 70 % (v/v) ethanol molecular biology grade (SERVA Electrophoresis GmbH, Heidelberg, Germany) and once in 100 % ethanol, air-dried, and resuspended in deionized sterile water.
Qualitative and Quantitative Determination of Total DNA
The overall quality of the extracted DNA with the three different procedures was determined by taking into account purity, yield, and integrity of the DNA.
Spectrophotometric Assessment and Yield
The spectrophotometer NanoDrop ND-1000 (NanoDrop Technologies, Wilmington, DE, USA) was used to measure the concentration and the purity of the total DNA on the basis of the UV absorption ratio at 260/280 nm and at 260/230 nm on two subsequent measurements. Subsequently, the yield (micrograms per milligram) was calculated.
Evaluation of DNA Integrity by Gel Electrophoresis
The DNA integrity was checked by gel electrophoresis: 1 μg of total DNA of each sample, with the exception of those extracted with the kit for which a lower concentration was used (depending on the yield of the extraction), was run for 1 h at 240 V on a 0.8 % agarose gel (GellyPhorLE, EuroClone, UK) prestained with GelRed™ Nucleic Acid Gel Stain (Biotium, Hayward, CA, USA) in 0.5× Tris-borate-EDTA (TBE) buffer (pH 8.3). The result was visualized on a UV transilluminator. The DNA sizes were estimated by comparison with two standard DNA markers, the SharpMass™ 50-DNA ladder and the SharpMass 1-kb DNA Ladder (EuroClone S.p.A., Pero, MI, Italy).
DNA Amplificability
To test the amplificability of the DNA extracted, a conventional PCR and a real-time PCR were performed on 36 specimens (three individuals each species, three species for each of the four categories) (Table 1, species in bold) processed according to all the four methods of extraction.
Conventional PCR
The DNA samples were amplified by conventional PCR by using a couple of universal primers: 16SaR/16sbr (Palumbi et al. 1996) and FISHCOILBC_ts/FISHCOIHBC_ts (Handy et al. 2011) , for a~650-bp partial sequence of the mitochondrial 16S ribosomal RNA (16srRNA) gene and for a~700-bp partial sequence of the mitochondrial cytochrome oxidase I (COI) gene, respectively. The amplification reactions were performed in 10 μl containing 1.25 U of PerfectTaq DNA Polymerase (5Prime, Gaithersburg, MD, USA), 200 μM each dNTP (dnTP mix, EuroClone S.p.A.-Life Sciences Division, Pavia, Italy), 0.25 μM of primer forward and reverse, 1.5 mM of MgCl 2 (5Prime, Gaithersburg, MD, USA), 25 ng/μl of BSA (Purified BSA 100×, New England BioLabs® Inc., Ipswich, MA, USA), and 25 ng of total DNA. After an initial Taq polymerase activation step (3 min at 94°C), both the amplification protocols were set up on a 35-cycle program as follows: 35 cycles of 94°C for 25 s, 57.5°C for 15 s, 72°C for 2 s (16 s rRNA gene), 94°C for 30 s, 55°C for 30 s, and 72°C for 30 s (COI gene). Both the protocols were completed by a final elongation step at 72°C for 5 min. The amplification products were resolved on a 2 % agarose gel (GellyPhorLE, EuroClone, UK), stained with GelRed™ Nucleid Acid Gel Staining 10,000× water solution (Biotium, Hayward, CA, USA) in 0.5× TBE buffer. The final result was visualized on a UV transilluminator, and DNA fragment size was estimated by comparison with the standard marker SharpMass™ 50-DNA ladder (EuroClone, S.p.A.-Life Sciences Division, Pavia, Italy).
The image of the gels was acquired with a digital camera and then analyzed using the software ImageJ 1.47 t (NIH, Bethesda, MD, USA). The absolute values obtained were normalized as percentage of the resultant of the sum of every single band within each group, in order to produce a relative estimation of the intensity of each band.
Real-Time PCR
For the real-time PCR, the primers FOR16Spc/REV16Spc designed by Armani et al. (2012c) were used for the amplification of a partial~330-bp gene fragment of the 16S rRNA gene. The DNA was amplified in a Rotor-Gene 6000 thermocycler (Corbett Research, Sydney, Australia), and the reaction was run in 10 μl containing 5 μl of the premixed solution (QuantiTect SYBR Green PCR Kit, Qiagen, Hilden, Germany), 250 nM of primer forward and reverse, and a total of 25 ng of DNA template. Cycling conditions were set as follows: initial hold at 95°C for 10 min; 45 cycles including denaturation at 94°C for 15 s, annealing at 53°C for 30 s, and extension at 72°C for 30 s. All samples were run in duplicate with negative and positive controls. The threshold cycle (Ct) value was registered and considered for statistical analysis.
Estimation of Costs and Time Required by Each Method
The cost per sample for the three experimental protocols was estimated on the basis of the commercial price of chemicals and disposable items used. The time was estimated on a batch of ten samples from the mechanical disruption of the tissue (with scissor or beads) to the pellet DNA solubilization step.
Statistical Analysis
Normality of data distribution was tested by Shapiro-Wilk's W test. Homogeneity of variances was tested by Levene's test.
To test the effect of the factors method (M), species (S), or category (C) (lean, low fat, medium fat, and high fat content) on DNA yield and ratios of absorbance at 260/280 nm (A260/A280) and at 260/230 nm (A260/A230), after extraction, two mixed models with restricted maximum likelihood (REML) estimation of variance were used. In the first model, M, S, and their interaction (M×S) represented the factors with fixed effects, while the random effect was attributed to the individual factor "subject." The second model was built as the previous one, replacing the factor S with the factor C.
Due to the fact that nonhomogeneous variances were found, the differences among methods for yield, A260/A280, and A260/A230 were analyzed by Friedman's test for repeated measures followed by Dunn's multiple tests for pairwise comparison of means, for both fresh and ethanolpreserved tissues. The analysis was performed overall and within each category of fish.
To test the effect of the factors M, initial amount of tissue (W), and S on DNA relative yield after extraction, A260/A280, and A260/A230, a mixed model with REML estimation of variance was used: M, W, their interaction (M×W), and S represented the factors with fixed effects, while the random effect was attributed to the individual factor "subject."
The differences among methods of measured values were analyzed by Friedman's test for repeated measures followed by Dunn's multiple tests for pairwise comparison of means.
To test the effect of the factors M and S on the band intensity of the DNA amplified by conventional PCR and on the take-off cycle of the DNA amplified by real-time PCR, a mixed model with REML estimation of variance was used: M, S, and M×S represented the factors with fixed effects, while the random effect was attributed to the individual factor "subject."
A Friedman's test for repeated measures followed by Dunn's multiple tests for pairwise comparison of means was used to compare values related to the band intensity and takeoff cycles of PCR performed on the DNA extracted with the four methods.
Results and Discussion
An ideal extraction technique should maximize DNA yield, minimize DNA degradation, and be effective in terms of costs, time, labor, and supplies. Moreover, it should also guarantee the removal of most of the substances that can act as PCR inhibitors (Radstrom et al. 2004; Bessetti 2007) . Even though the DNA-based methods represent the most used techniques for fish species identification, DNA isolation still represents one of the most time-consuming steps, which requires active work of operators all along the process.
Among the traditional extraction approaches, the original phenol/chloroform protocol proposed by Sambrook et al. (1989) is still widely used. A survey, carried out as a preliminary investigation of this work and made by analyzing 51 articles published in the last 5 years, dealing with fish species identification, clearly showed that the phenol/chloroform protocol and the commercial kits are the only extraction methods used (Table 1SM ). The phenol/chloroform method, even though applicable to many different species and capable to guarantee high DNA recovery, involves the handling of toxic materials. For this reason, it implies risks for operators and environment. On the other hand, to our experience, the main weakness of the commercial kits is the low DNA yield, if compared with the classical procedures, although DNA purity may be sometimes higher (authors' note). Moreover, commercial kits often present disadvantages such as nonrepeatability of the DNA yield and purity declared by the manufacturers (Di Bernardo et al. 2007; Akkurt 2012) .
In this light, the development of a user-friendly nonorganic-based DNA extraction method could represent the right compromise between the two procedures. Therefore, an alternative salting-out method was previously developed for daily utilization in an open-air laboratory environment (Armani et al. 2011 ) and then effectively used for the isolation of a high-quality total DNA from many species of seafood (Armani et al. 2012b (Armani et al. , c, 2013 .
In the case of nonaffinity extraction methods, the initial disruption of the tissue, which relies both on chemicals or physical procedures, is generally the most time-consuming step and can also greatly influence the yield and the quality of the DNA. Although the physical procedures are the most employed, they can be very laborious and require operator training (Burden 2008) . Moreover, all these methods are not easily standardizable and can lead to cross-contamination (Verollet 2008) . In this study, a simple method based on a bead-milling homogenization protocol without proteases was set up, not only to speed up and simplify our previous saltingout method but also to reduce the cost of the extraction, in the light of an increasing request for routinely biomolecular analysis in the fish sector.
Bead-Milling Procedure: Optimization and Final Protocol
The cell rupture and the protein digestion are usually achieved by incubation with proteolytic enzymes (proteinase K) for a variable time (Table 1SM) . Even though several protocols have been used for the DNA extraction from fish muscle tissue, the possibility to replace the step of enzymatic proteolysis with only bead mill homogenization has never been assessed (Table 1SM) .
One of the most important factors to obtain a good tissue disruption is to properly match the sample size (mass and volume) with a suitable tube size and grinding ball (Burden 2008) . In our protocol, the stainless steel beads were chosen, due to the fact that they showed better performances, with respect to glass beads, in breaking myofibrillar tissue and releasing DNA in solution. In fact, the DNA yield was found to be about five times higher (data not shown). Moreover, while the glass beads must be discarded together with the organic precipitate at the end of the disruption step, the steel beads can be reused after a simple decontamination procedure.
The procedure was optimized at 60°C due to the fact that already at 56°C, many cellular proteins and enzymes (including DNAase) are denatured (Lahiri and Schnabel 1993) .
Finally, when samples presented a "cloudy supernatant phase" after the first centrifugation at the end of the lysis step, a further precipitation step with ammonium acetate, followed by a double washing with ethanol 70 %, was added to clear the solution. In particular, this occurrence was observed in Merlangius merlangus, Trisopterus minutus capelanus, Mullus barbatus, Salmo salar, Sardina pilchardus, and Squalus acanthias.
Comparison of Different Extraction Procedures
Yield and Spectrophotometric Quality
The final yield of an extraction procedure may have some importance, in that it has to provide not only a sufficient amount of DNA but also a workable concentration proportionally to the number and the type of analyses to be performed. This is particularly important in the case of samples provided by museums or collections, which are usually few milligrams.
In general, an A260/A280 ratio between 1.8 and 2.0 indicates uncontaminated DNA (Sambrook and Russell 2001; Alaey et al. 2005) . Lower values indicate contamination by proteins, whereas higher values may be associated to the probable presence of RNA (Varma et al. 2007 ). The A260/A230 ratio is considered acceptable when ranging in between 1.8 and 2.4. Values lower than 1.8 indicate the residual presence of significant amounts of organic compounds, such as phenol, carbohydrates, or residual guanidine (De Maeseneire et al. 2007; Morin et al. 2010 ; http://cancer. ucsf.edu/research/cores/genome/services/genome-analysisservice-analyze). A260/A230 ratio is less a precise parameter than A260/A280 ratio, which is often reported alone (Besbes et al. 2011; Cawthorn et al. 2011 ). However, considering that abnormal A260/A230 values may negatively influence downstream analyses, we decided to also consider this parameter to better characterize the DNA obtained with the new method.
The results related to DNA yield and A260/A280 and A260/A230 ratios highlighted a high variability within species (data not shown). This confirms the importance of the role played by operators and the individual factor associated to each specimen. For this reason, a mixed model capable to take into consideration such factor of variability (random factor) was chosen to test the influence of the method and category (on the basis of the fat content) or of the method and species on the outcome of the extraction procedures. The statistical analysis showed that method, category, and species had a highly significant effect on yield. If the significance associated to method and species remained very high for the other two parameters investigated (A260/A280 and A260/A230), the significance associated to category decreased (Table2SM). It is important to notice that the interaction of the aforesaid factors (method with species or method with category) played an important role as well, indicating that the method influenced yield or absorbance parameters at a different extent in different categories or species.
For samples stored in ethanol, only yield and A260/A280 are highly influenced by method and species, while the factor "category" is not as important as the two formers. If these results and the results related to fresh samples are taken together, it seems likely that the fat content influenced the process of DNA purification and that ethanol may have leveled down such influence. In fact, it has been previously reported that the extraction of lower DNA yields can be associated with samples with higher fat content (Saunders and Rossi 2008).
Comparison of performances related to the different methods revealed that, overall, no differences existed between B30 and B60 for all the three parameters (yield, A260/A280, and A260/A230).
As a general outcome, it was found that the SO method produced the highest yield and was more efficient in removing contaminants from the DNA solution, with values of A260/A280 and A260/A230 always standing within the optimal range, both in fresh and in ethanol-preserved samples. With regard to the methods using milling beads, the yield was, on an average, one-half of the yield obtained with the SO method, but about threefold higher than the yield associated to the kit. Values of A260/A280 were about 2, while those of A260/A230 were slightly beneath 1.8. Lastly, the kit, only used on fresh samples, provided very low yields, but good A260/A280. On the contrary, unusually very high and very variable levels of A260/A230 were observed.
Even though the commercial kits are used more frequently and are reported to be less technically demanding and safer than classical procedures (Loffler et al. 1997) , our previous experience, further confirmed by the results of this work, indicated that, besides the high costs (see "Cost and Time Evaluation"), one of the main disadvantages is represented by the low yield. In fact, even though the elution buffer was reduced to 50 μl and heated at 70°C before the final centrifugation, the DNA yield remained quite low.
Patterns of performance are similar in the four groups, even though differences between methods had different levels of significance. In fact, when comparisons were made within each group, the scenery was variable. The only stable and recurrent evidence was the substantial equality between the methods B30 and B60, indicating that the tissue disruption after 30 min was practically accomplished and any further elongation of time did not bring any significant improvement. To highlight the fact that, in fresh samples, differences in yield between SO and B30, or B60, or the kit remained highly significant in all the four groups for each category, while differences between SO and B30, or B60, in A260/A280 were no more significant in medium-and high-fat-content groups. Regarding A260/A230, the very high variability observed in samples extracted with the kit and the lowering of their means in medium-and high-fat-content groups determined the loss of significance between values of SO and the kit, within these two categories.
As for samples stored in ethanol, differences in yield between SO and both B30 and B60 remained highly significant in all the four groups, as well as differences in A260/A280 and in A260/A230.
Decreasing Weights
Starting from different amounts of tissue, different DNA relative yields and different values of purity indicators were obtained across the three methods.
Statistical analysis based on the mixed model showed that both initial amount of tissue and method of extraction significantly influenced the relative yield (micrograms of DNA per milligram of tissue) of DNA obtained and that such a parameter varied with a significantly different pattern in different methods. Such response was confirmed for both A260/A280 and A260/A230, despite different levels of significance associated to the different factors (Table 3SM ). The factor species was always found to have a highly significant influence on the three parameters considered.
If marked differences were observed between the SO method and bead-milling methods, no significant differences were observed in increasing the time of bead milling from 30 to 60 min. As shown in Fig. 1 , the pattern of variation is very similar for B30 and B60, once more confirming that 30 min of milling is a sufficient time to reach a good level of tissue disruption.
In particular, the initial amount of tissue that gave the highest DNA relative yield for the SO method was 50 mg. From lower or higher tissue amounts, a significantly lower yield was obtained (p<0.01). On the contrary, differences in DNA purity indicators were not significant.
As for bead-milling methods, a net gain in DNA relative yield was observed with the increase of the initial amount of tissue processed. If A260/A280 did not vary appreciably, with only a significantly higher value for 200 mg of tissue with respect to all the other amounts (p<0.01), A260/A230 was shown to have a minimum for 100 mg, which significantly differed from the other values (p<0.05).
From these results, it is possible to state that the best outcomes in terms of both yield and purity were obtained with the lowest amounts of tissue (25 and 10 mg), with both absorbance ratios around the threshold of the optimal range (Fig. 1) . However, the DNA yield being relative, the total amount of DNA obtained would be lower than that obtained starting from a higher amount of tissue. This is strictly dependent on the needs and scope of the analysis. 
Integrity
The purpose of an extraction method is not only to obtain an acceptable amount of highly pure DNA but also to limit at most the DNA degradation processes. Agarose gel electrophoresis enables visualization, to some extent, of the degradation level of the extracted DNA. The visual analysis of the DNA degradation pattern did not show any evident difference among the extraction methods tested (data not shown).
DNA Amplificability
In order to test the amplificability of the DNA extracted with different methods, a conventional and a real-time PCR were performed on a subgroup of the fresh tissue samples processed (the same used to test extraction from decreasing weight of tissues). The genes 16srRNA and COI were chosen as target because they are among the most used for fish species identification and because they require different kinds of primers for the amplification (Armani et al. 2012a ).
Conventional PCR
The DNA was successfully amplified by PCR regardless of the extractions procedures, even though some differences were observed among the four methods (Fig. 2) .
Once again, the mixed model showed that the amplification of the two targeted genes was significantly influenced by both the factors method and species, as well as their interaction, confirming that unknown factors associated to the kind of tissues (likely compositional and depending on the species) may strongly influence the extraction procedure and thus the downstream analysis (Table 4SM ). In particular, even though overall means were not very far, significant differences (p<0.05) were found only between SO and both B30 and B60, when the COI gene was amplified, while significant differences (p<0.01) were found between the kit and SO, B30, and B60, when the gene 16SrRNA was targeted. The different influence of the extraction methods on the amplificability of different genes may be due to the characteristics of the primer used, whose capability to steadily match the complementary sequence on the DNA is likely influenced, at a different extent, by the presence of residual molecules in the PCR reaction mixtures.
Real-Time PCR
Starting from the same amount of DNA, the take-off cycle is a function of the PCR efficiency, which in turn is somehow proportional, other than to the characteristics of the primers and the PCR conditions (identical for all the samples), also to the DNA integrity and the presence of potential inhibitors. In this trial, only a fragment of the 16srRNA gene was amplified, due to the absence of universal primers for the amplification of a short fragment belonging to the COI gene.
Statistics showed that both the two factors included in the model (method and species) significantly influenced the takeoff cycle (p<0.001). The high significance (p<0.001) associated to the interaction of the two factors revealed that the factor method had a different effect on different species (Table 4SM) .
Overall, a direct comparison between methods revealed significant differences between SO and the other three (p<0.001), while no significant differences were found between B30, B60, and the kit. On an average, SO was associated to slightly but significantly lower take-off cycles, with respect to the other methods (Fig. 3) . The better performance of the downstream amplification in real-time PCR obtained with SO extraction may reflect a higher quality of the extracted DNA and thus a better global performance with regard to the extraction process. Fig. 2 Amplification performance of the two genes (a COI, b 16S) by conventional PCR, starting from the DNA extracted with the four different methods, from a subgroup of 12 species (lean, n=3; low fat, n=3; medium fat, n=3, high fat, n=3). Quantities are expressed as the relative intensity of the single bands on the gel, corresponding to the percentage related to the sum of the single intensity values calculated on a single gel, where all the samples belonging to a different category were run. Overall values were not reported because of the impossibility of averaging values obtained from different gels. Levels of significance were however calculated by comparing values obtained by parallel comparison of samples run in the same gel Fig. 3 Amplification performance in real-time PCR of the DNA extracted with the four different methods, from a subgroup of 12 species (lean, n=3; low fat, n=3; medium fat, n=3, high fat, n=3), expressed as difference (ΔCt) between the take-off cycle (Ct) for each subject and the overall mean Cost and Time Evaluation
The kit was the most expensive procedure with a cost of€ 2.25 per sample, which was almost 2.5-fold higher than SO (~€0.8) and 3.5-fold higher than the bead-based procedures (Bs) (~€0.62). This downside related to the utilization of the kit has already been reported by Ivanova et al. (2006) . The cost of the Bs was further reduced with respect to SO due to the absence of the enzyme, which is one the most expensive reagents used in the classic extraction procedures. Finally, it must be underlined that bead milling completely replaces the manual work of the operator. This can add some more economical advantage, due to the "working time" saved, which may become conspicuous when a high number of samples have to be processed.
Differences were found comparing the global time required for the entire protocol from the homogenization up to the DNA elution. Overall, the SO required around 3 h and 20 min, the B30 2 h and 30 min, the B60 3 h, while in the case of the kit, the total time was extremely variable ranging from 1 h and 30 min to 3 h and 30 min. In fact, as reported by the manufacturer, the lysis step can be extended up to 3 h in order to obtain a satisfactory result. Moreover, the total time for SO and the kit can be influenced by the homogenization of the samples by manual scissor shearing, variable from 20 to 40 min, according to the resistance to cutting.
Conclusions
In this work, a simple, rapid, and cost-effective method, based on a mechanical grinding with steel beads followed by a salting-out procedure, was developed to isolate DNA from the fish muscle.
From this experimentation, it emerged that it is not possible to indicate a priori the best extraction method for a specific fish species or for a specific gene to be amplified, but general conclusions may be drafted on the basis of analysis performed on a number of different species, representative of large categories, such as the very important ones related to the fat content.
Even though the comparison performed with other methods showed that the salting-out procedure is, on an average, the best in terms of both yield and spectrophotometric quality of the total DNA, the bead-beating protocol allowed to obtain DNA of good quality and in acceptable amount, which suffices for thousands of PCR amplifications and significantly overcomes that provided by the kit. Moreover, by eliminating the need of a physical disruption performed by the operator, the bead-milling procedure allows to avoid the most undertaking and longest step of all the DNA extraction procedures. This permits to improve the throughput of the procedure by markedly increasing the number of samples processable by a single operator. Lastly, the automatic tissue-disruption process also makes less important the relationship between goodness of the outcome and ability or expertise of the operator.
In conclusion, the bead-milling method represents a valid alternative to the classical methods of DNA extraction, especially for routine analyses that involve a high number of samples and demand the lowest costs possible.
